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PRE-ALIGNING A SUBSTRATE IN A
LITHOGRAPHIC APPARATUS, DEVICEL
MANUFACTURING METHOD, AND DEVICE
MANUFACTURED BY THE
MANUFACTURING METHOD

RELATED APPLICATIONS

This Application 1s a continuation-in-part of U.S. appli-
cation Ser. No. 11/155,885 filed Jun. 20, 2005, the entire
contents of which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to pre-aligning a substrate in
a lithographic apparatus, a lithographic apparatus containing
an alignment system containing a pre-alignment device
configured to perform a pre-alignment method, a device
manufacturing method, and a device manufactured accord-
ing to the device manufacturing method.

2. Description of the Related Art

A Iithographic apparatus 1s a machine that applies a
desired pattern onto a substrate, usually onto a target portion
of the substrate. A lithographic apparatus can be used, for
example, 1n the manufacture of mtegrated circuits (ICs). In
such a case, a patterning device, which 1s alternatively
referred to as a mask or a reticle, may be used to generate
a circuit pattern to be formed on an individual layer of the
IC. This pattern can be transierred onto a target portion (e.g.,
including part of, one, or several dies) on a substrate (e.g.,
a silicon wafter). Transfer of the pattern 1s typically via
imaging onto a layer of radiation-sensitive material (resist)
provided on the substrate. In general, a single substrate will
contain a network of adjacent target portions that are suc-
cessively patterned. Conventional lithographic apparatus
include so-called steppers, in which each target portion is
irradiated by exposing an entire pattern onto the target
portion at once, and so-called scanners, 1n which each target
portion 1s 1rradiated by scanning the pattern through a
radiation beam 1n a given direction (the “scanning”-direc-
tion) while synchronously scanning the substrate parallel or
anti-parallel to this direction. It 1s also possible to transfer
the pattern from the patterning device to the substrate by
imprinting the pattern onto the substrate.

In a manufacturing process using a lithographic projection
apparatus, a pattern in a patterning device 1s 1maged onto a
substrate positioned on a substrate support. The substrate 1s
at least partially covered by a layer of energy-sensitive
material (also termed resist). Prior to, and after this imaging,
step, the substrate may undergo various procedures, such as
a post-exposure bake (PEB), development, a hard bake, and
measurement and/or inspection of the imaged {features.
These procedures are used as a basis to pattern an individual
layer of a device, e.g., an mtegrated circuit (IC). Such a
patterned layer may then undergo various processes such as
ctching, 1on-implantation (doping), metallization, oxidation,
chemo-mechanical polishing, etc., all intended to finish off
an individual layer. If several layers are required, then the
whole procedure, or a variant thereof, will have to be
repeated for each new layer. Eventually, an array of devices
will be present on the substrate. These devices are then
separated from each other by a technique such as dicing or
sawing, aifter which the individual devices can be mounted
on a carrier, connected to pins, etc.

Alignment 1s the process of positioming the 1mage of a
specific point on the patterning device to a specific point on
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the substrate that 1s to be exposed. Typically, one or more
alignment marks, such as a small pattern, are provided on
cach of the substrate and the patterning device. As indicated
above, a device such as an IC may consist of many layers
that are built up by successive exposures with intermediate
processing steps. Belore each exposure, alignment 1s per-
formed to minimize any positional error between the new
exposure and the previous ones, such error being also termed
overlay error. A substrate generally may be provided with
alignment marks at both sides of the substrate.

An alignment process involves a pre-alignment procedure
in which the edge and the center of a (generally circular)
substrate are determined, and an alignment procedure in
which the substrate 1s accurately aligned using the one or
more alignment marks provided on the substrate. After a
substrate has been pre-aligned 1n a pre-alignment device, the
substrate 1s transierred to a substrate support by a substrate
handler, which usually 1s a robot having an arm for trans-
ferring the substrate from the pre-alignment device to the
substrate support.

In a pre-alignment procedure, different devices may be
used. In a known substrate pre-alignment procedure, a
pre-alignment device 1s used having a pre-alignment support
provided with mechanical pins abutting predetermined edge
portions of the substrate. Use of such a pre-alignment device
presupposes a known diameter of the substrate. If the
diameter of the substrate may vary, an oflset in the deter-
mination of the orientation of the center of the substrate may
be introduced, both 1n terms of an offset in an X direction,
an oflset in a Y direction, and an offset in a ¢ (angular)
direction (where the substrate essentially extends 1n an X-Y
plane, and ¢ denotes an angle of rotation of the center of the
substrate). In fact, the oflset defines a diflerence between the
substrate’s geometrical coordinate system and a coordinate
system based on the alignment marks provided on the
substrate. The offset may be determined when the diameter
of the substrate 1s known. Alternatively, a pre-alignment
device may be used having a substrate edge detector relative
to which the substrate 1s rotated on a pre-alignment support
of the pre-alignment device. By rotating the substrate and
simultaneously measuring the location of the edge, a center
X, Y and ¢ ofiset may be determined. As a further alterna-
tive, a pre-alignment device may be used having a number
ol spaced substrate edge detectors located along an expected
edge portion of a substrate. No rotation of the substrate 1s
necessary to determine a center of substrate, although, 1f the
diameter of the substrate may vary, an X, Y, and ¢ oflset 1n
the determination of the orientation of the center of the
substrate may be introduced. These oflsets may be deter-
mined when the diameter of the substrate 1s known.

Once the offset referred to above has been determined, an
orientation of the particular substrate can be chosen such
that the substrate may be placed correctly on a substrate
support to perform an alignment procedure.

Following a pre-alignment procedure, in an alignment
procedure of a substrate on a substrate support, the 1mage of
an alignment mark on the patterning device 1s positioned
accurately to an 1image of an alignment mark on the sub-
strate.

It 1s observed that 1n some technologies, such as micro
system technology (MST) and micro electromechanical sys-
tems (MEMS), devices are fabricated from both sides of a
substrate. Exposures performed on one side of the substrate
must be accurately aligned with features previously exposed
on the other side of the substrate.

Throughout this specification, reference to an alignment
mark being on a particular side of the substrate of course
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includes the alignment mark being etched into that side of
the substrate, and mcludes the alignment mark having sub-
sequent material deposited on top of 1t such that 1t 1s
embedded and 1s no longer necessarily exposed at the
surface.

U.S. Patent Application Publication No. 2002/0109825
Al, which hereby 1s incorporated by reference 1n its entirety,
discloses a lithographic apparatus which 1s provided with an
optical system, such as a system employing one or more
laser beams, built mnto a substrate table for producing an
image ol an alignment mark that 1s provided on the backside
of the substrate, 1.e., the side of the substrate which 1s facing
the substrate table. The 1mage 1s located at the plane of the
front side of the substrate, and can be viewed by an
alignment system from the front side of the substrate.
Simultancous alignment between marks on the back and
front of the substrate and a patterning device can be per-
formed using a pre-existing alignment system.

In a production facility where substrates are processed to
yield devices, lithographic equipment of different suppliers
may be used. The different suppliers generally employ
different pre-alignment procedures to determine the edge
and the center of the substrate prior to an alignment proce-
dure based on the recognition of one or more alignment
marks on the substrate. Therefore, unexpected or at least
basically unknown position deviations of the alignment
marks may be encountered when processing substrates on
different equipment. Moreover, when using one or more
alignment marks (sometimes also referred to as alignment
targets) on the backside of a substrate, there 1s a restriction
in the positioning of such alignment marks. This restriction
stems from the limited physical size of a view window of the
optical system used for determining the position of the
alignment marks. A pre-alignment method therefore should
be designed to place a substrate on a substrate support such
that the alignment marks on the backside of a substrate may
be viewed 1n the view window of the optical system, despite

the use of lithographic equipment from different suppliers
used to produce specific devices.

SUMMARY OF THE

INVENTION

It 1s desirable to provide a pre-alignment method and
apparatus allowing the use of equipment from different
suppliers while avoiding elaborate pre-alignment processes.

In an aspect of the invention, a method of pre-aligning a
substrate 1n a lithographic apparatus 1s provided, the sub-
strate having at least one alignment mark provided on a side
of the substrate, the method comprising: determining a
relationship between a position of the at least one alignment
mark, at least part of an edge of the substrate, and a center
of the substrate; providing a substrate support to support a
substrate, the substrate support having at least one optical
view window at a predetermined location to view a part of
the side of the substrate; and placing the substrate on the
substrate support on the basis of the relationship to position
the at least one alignment mark in the at least one optical
view window.

According to embodiment of the invention, one or more
alignment marks are provided on a side of the substrate in a
marking apparatus, such as a lithographic apparatus or other
suitable apparatus. By determining the relationship between
a position of the at least one alignment mark, the edge and
the center of the substrate, and using this relationship when
placing, e.g., by a controllable handling apparatus, the
substrate on a substrate support of a lithographic apparatus

* [
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those of the marking apparatus, a substrate may be correctly
pre-aligned on the substrate support, with the one or more
alignment marks located 1n a view window of an alignment
system of the lithographic apparatus. The relationship may
include data indicating a translation and a rotation of a
substrate around 1ts center. The data may be stored in, or
iput to, a control system of the lithographic apparatus.

In another aspect of the mvention, a method of pre-
aligning a substrate 1s provided, the method comprising:
determining a position of at least part of an edge of the
substrate, and a center of the substrate; predetermining a
relationship between a position of at least one alignment
mark, the at least part of the edge of the substrate, and the
center of the substrate; providing the at least one alignment
mark on a side of the substrate on the basis of the relation-
ship; providing, 1n a lithographic apparatus, a substrate
support to support a substrate, the substrate support having
at least one optical view window at a predetermined location
to view a part of the side of the substrate; and placing the
substrate on the substrate support to position the at least one
alignment mark 1n the at least one optical view window of
the substrate support.

Here, a particular location of the one or more alignment
marks may be chosen on the basis of a desired relationship
such as to conform to the requirements of a lithographic
apparatus in which the substrate 1s to be processed such as
to correctly pre-align the substrate on the substrate support,
with the one or more alignment marks located 1n a view
window of an alignment system of the lithographic appara-
tus. Again, the relationship may include data indicating a
translation and a rotation of a water around 1ts center, now
prior to applying the one or more alignment marks.

BRIEF DESCRIPTION OF THE

DRAWINGS

Embodiments of the invention will now be described, by
way ol example only, with reference to the accompanying
schematic drawings 1n which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1 depicts a lithographic projection apparatus accord-
ing to an embodiment of the mvention;

FIG. 2 1s a schematic cross-section illustrating a substrate
support according for use in the mvention;

FIG. 3 1s a schematic side view illustrating a pre-align-
ment device according to an embodiment of the invention;

FIG. 4 1s a schematic top view of the pre-alignment device
of FIG. 3.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The appa-
ratus includes an illumination system (1lluminator) IL con-
figured to condition a radiation beam B (e.g., UV radiation
or any other suitable radiation), a mask support structure
(e.g., a mask table) MT constructed to support a patterning,
device (e.g., amask) MA and connected to a first positioning
device PM configured to accurately position the patterning
device 1n accordance with certain parameters. The apparatus
also 1ncludes a substrate table (e.g., a waler table) WT or
“substrate support” constructed to hold a substrate (e.g., a
resist-coated waler) W and connected to a second position-
ing device PW configured to accurately position the sub-
strate 1n accordance with certain parameters. The apparatus
further includes a projection system (e.g., a refractive pro-
jection lens system) PS configured to project a pattern
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imparted to the radiation beam B by patterning device MA
onto a target portion C (e.g., including one or more dies) of
the substrate W.

The illumination system may include various types of
optical components, such as refractive, reflective, magnetic,
clectromagnetic, electrostatic or other types of optical com-
ponents, or any combination thereotf, for directing, shaping,
or controlling radiation.

The mask support structure supports, 1.€., bears the weight
of, the patterning device. It holds the patterning device 1n a
manner that depends on the orientation of the patterming
device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the pattern-
ing device 1s held 1n a vacuum environment. The mask
support structure can use mechanical, vacuum, electrostatic
or other clamping techniques to hold the patterning device.
The mask support structure may be a frame or a table, for
example, which may be fixed or movable as required. The
mask support structure may ensure that the patterning device
1s at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™
herein may be considered synonymous with the more gen-
eral term “patterning device.”

The term “‘patterning device” used herein should be
broadly interpreted as referring to any device that can be
used to impart a radiation beam with a pattern 1n 1its
cross-section so as to create a pattern in a target portion of
the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired
pattern 1n the target portion of the substrate, for example 1
the pattern includes phase-shifting features or so called
assist features. Generally, the pattern imparted to the radia-
tion beam will correspond to a particular functional layer in
a device being created in the target portion, such as an
integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterning devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known 1n lithography, and include mask types such
as binary, alternating phase-shift, and attenuated phase-shift,
as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement
of small mirrors, each of which can be individually tilted so
as to reflect an mncoming radiation beam 1n different direc-
tions. The tilted mirrors 1impart a pattern in a radiation beam
which 1s reflected by the mirror matrix.

The term “projection system”™ used herein should be
broadly interpreted as encompassing any type of projection
system, 1ncluding refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereol, as appropriate for the exposure
radiation being used, or for other factors such as the use of
an 1immersion liquid or the use of a vacuum. Any use of the
term “projection lens” herein may be considered as synony-
mous with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(c.g., employing a transmissive mask). Alternatively, the
apparatus may be of a reflective type (e.g., employing a
programmable mirror array of a type as referred to above, or
employing a reflective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables or “substrate supports”
(and/or two or more mask tables or “mask supports™). In
such “multiple stage” machines the additional tables or
supports may be used 1n parallel, or preparatory steps may
be carried out on one or more tables or supports while one
or more other tables or supports are being used for exposure.
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As explained above, the lithographic apparatus may also
be of a type wherein at least a portion of the substrate may
be covered by a liqud having a relatively high refractive
index, e.g., water, so as to fill a space between the projection
system and the substrate. An immersion liquid may also be
applied to other spaces i1n the lithographic apparatus, for
example, between the mask and the projection system.
Immersion techniques can be used to increase the numerical

aperture ol projection systems. The term “immersion” as
used herein does not mean that a structure, such as a
substrate, must be submerged 1n liqud, but rather only
means that a liquid 1s located between the projection system
and the substrate during exposure.

Reterring to FIG. 1, the illuminator IL receives a radiation
beam from a radiation source SO. The source and the
lithographic apparatus may be separate entities, for example
when the source 1s an excimer laser. In such cases, the source
1s not considered to form part of the lithographic apparatus
and the radiation beam 1s passed from the source SO to the
illuminator IL with the aid of a beam delivery system BD
including, for example, suitable directing mirrors and/or a
beam expander. In other cases the source may be an integral
part of the lithographic apparatus, for example when the
source 1s a mercury lamp. The source SO and the 1lluminator
IL, together with the beam delivery system BD 11 required,
may be referred to as a radiation system.

The illuminator IL may include an adjuster AD configured
to adjust the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-1nner, respectively)
of the intensity distribution 1n a pupil plane of the 1llumi-
nator can be adjusted. In addition, the illuminator IL may
include various other components, such as an integrator IN
and a condenser CO. The illuminator may be used to
condition the radiation beam, to have a desired uniformaity
and intensity distribution in 1ts cross-section.

r

T'he radiation beam B 1s incident on the patterning device
(e.g., mask MA), which 1s held on the mask support structure
(c.g., mask table MT), and 1s patterned by the patterning
device. Having traversed the mask MA, the radiation beam
B passes through the projection system PS, which focuses
the beam onto a target portion C of the substrate W. With the
aid of the second positioning device PW and position sensor
IF (e.g., an interferometric device, linear encoder or capaci-
tive sensor), the substrate table WT can be moved accu-
rately, e.g., so as to position diflerent target portions C in the
path of the radiation beam B. Similarly, the first positioning
device PM and another position sensor (which 1s not explic-
itly depicted in FI1G. 1) can be used to accurately position the
mask MA with respect to the path of the radiation beam B,
¢.g. after mechanical retrieval from a mask library, or during
a scan. In general, movement of the mask table MT may be
realized with the aid of a long-stroke module (coarse posi-
tioning) and a short-stroke module (fine positioning), which
form part of the first positioning device PM. Similarly,
movement of the substrate table WT or “substrate support™
may be realized using a long-stroke module and a short-
stroke module, which form part of the second positioner PW.
In the case of a stepper (as opposed to a scanner) the mask
table MT may be connected to a short-stroke actuator only,
or may be fixed. Mask MA and substrate W may be aligned
using mask alignment marks M1, M2 and substrate align-
ment marks P1, P2. Although the substrate alignment marks
as 1llustrated occupy dedicated target portions, they may be
located 1n spaces between target portions (these are known
as scribe-lane alignment marks). Similarly, 1n situations 1n
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which more than one die 1s provided on the mask MA, the
mask alignment marks may be located between the dies.

The depicted apparatus could be used 1n at least one of the
tollowing modes:

1. In step mode, the mask table MT or “mask support” and
the substrate table WT or “substrate support” are kept
essentially stationary, while an entire pattern imparted to the
radiation beam 1s projected onto a target portion C at one
time (1.e., a single static exposure). The substrate table WT
or “substrate support” 1s then shifted in the X and/or Y
direction so that a different target portion C can be exposed.
In step mode, the maximum size of the exposure field limaits
the size of the target portion C 1imaged 1n a single static
exposure.

2. In scan mode, the mask table MT or “mask support™
and the substrate table WT or “substrate support” are
scanned synchronously while a pattern imparted to the
radiation beam 1s projected onto a target portion C (1.e., a
single dynamic exposure). The velocity and direction of the
substrate table WT or “substrate support” relative to the
mask table MT or “mask support” may be determined by the
(de-)magnification and 1mage reversal characteristics of the
projection system PS. In scan mode, the maximum size of
the exposure field limits the width (in the non-scanning
direction) of the target portion 1n a single dynamic exposure,
whereas the length of the scanning motion determines the
height (in the scanning direction) of the target portion.

3. In another mode, the mask table MT or “mask support™
1s kept essentially stationary holding a programmable pat-
terming device, and the substrate table WT or “substrate
support” 1s moved or scanned while a pattern imparted to the
radiation beam 1s projected onto a target portion C. In this
mode, generally a pulsed radiation source 1s employed and
the programmable patterning device 1s updated as required
alter each movement of the substrate table WT or “substrate
support” or 1n between successive radiation pulses during a
scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning,
device, such as a programmable mirror array of a type as
referred to above.

Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

FIG. 2 shows a water W on a wafer table WT, also termed
hereinafter: substrate support. Waler marks WM1 and WM?2
are provided on a side (*back side”) of the waler W. An
optical system 1s built into the water table W for providing
optical access to the water marks WM1, WM2 on the back
side of the water W. The optical system comprises one arm
or a plurality of arms 10A, 10B. Each arm may consist of
two mirrors 12, 14 and two lenses 16, 18. The mirrors 12, 14
in each arm are inclined such that the sum of the angles that
they make with the horizontal 1s 90°. In this way, a beam of
light impinging vertically on one of the mirrors will remain
vertical when reflected ofl the other mirror.

In use, light 1s directed from above the water table WT
onto a mirror 12, through lenses 16 and 18, onto mirror 14
and then onto the respective water mark WM1, WM2. Light
1s reflected ofl portions of the water mark and returns along
an arm of the optical system via mirror 14, lenses 18 and 16,
and mirror 12. The mirrors 12, 14 and lenses 16, 18 are
arranged such that an 1mage 20A, 20B of the waler mark
WM1, WM2 is formed at the plane of the front (top) surface
of the water W, corresponding to the front side of the wafer
W. The order of the lenses 16, 18 and the mirrors 12, 14 may

be different, as appropriate to the optical system. For
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example, lens 18, could be between the mirror 14 and the
waler W. Also, 1n an arm any other number of lenses may be
used.

It 1s observed that the arms of the optical system may have
different orientations as seen 1n a plane parallel to the back
side of the water W, while one end of an arm 1s situated such
that 1t 1s below the wafer W, and the opposite end of the arm
1s situated in the area of the waler table WT not (fully)
covered by the water W. It 1s further noted that the mirrors
12, 14 of an arm of the optical system need not be provided
as discrete components, but may be integral with the wafer
table WT. For this purpose, appropriate faces may be
machined into the water table WT, which then may be
provided with a coating to improve retlectivity, thus forming
the mirrors 12, 14. As a further alternative, the arms of the
optical system may be embodied using optical fibers or
coherent optical fiber bundles, and lenses to couple radiation
into and out of the fibers.

An alignment system for performing an accurate align-
ment (following a pre-alignment) may be a through-the-lens
(I'TL) arrangement, such that the lens system PL between
the mask MA and the wafer W 1s actually the projection lens
used for the exposure radiation. However, the alignment
system can also be off-axis (OA).

In the method according to an embodiment of the inven-
tion, a relationship between the position of at least one
alignment mark on a substrate, at least part of an edge of the
substrate, and a center of the substrate 1s to be determined.
Such a relationship may be expressed 1n data which describe
an oflset between a geometrical coordinate system and an
alignment coordinate system coupled to the at least one
alignment mark. The offset may be expressed 1n terms of a
translation and a rotation value. The translation value may
be a distance between a center of the geometrical coordinate
system and a center of the alignment coordinate system,
expressed 1n an X coordinate and a Y coordinate, where the
translation 1s 1n a X-Y plane. The rotation value may be an
angle of rotation around one of the centers, expressed 1n an
angle of rotation ¢, where at least part of the edge of the
substrate (such as a notch or a flat edge part) may determine
a reference angle. This relationship may be established 1n
various ways.

One way of determiming a relationship between the posi-
tion of at least one alignment mark on a substrate, at least
part of an edge of the substrate, and a center of the substrate
may be seen in performing ofl-line measurements of the
positions on a plurality of substrates, determining an average
value of oflsets of an X position, a Y position and an angle
of rotation ¢ of a center of the substrates, and storing the
average ollset values for the plurality of substrates. Each
substrate will have the same (average) relationship assigned
to 1t.

Instead of determining average values for a plurality of
substrates, a specific set of values X, Y and ¢ may be
determined for each substrate 1n an ofl-line measurement,
coupling each set of values to the corresponding substrate,
which may be 1dentified by a suitable 1dentifier assigned to
it.

An alternative way of determining a relationship between
the position of at least one alignment mark on a substrate, at
least part of an edge of the substrate, and a center of the
substrate may be seen in predetermining this relationship n
terms of a selected set of values X, Y and ¢ previous to
providing an alignment mark on the substrate, and only then
providing the at least one alignment mark on the substrate in
correspondence with the predetermined set of values. This
may also be regarded as an ofl-line procedure.
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A Turther way of determining a relationship between the
position of at least one alignment mark on the substrate, at
least part of an edge of the substrate, and a center of the
substrate may be seen 1n determining a specific set of values
X, Y and ¢ 1n an in-line measurement 1 a pre-alignment
device of a lithographic apparatus, before an exposure of the
substrate takes place. When the alignment mark 1s provided
at a side (also called: backside) of the substrate opposite to
the exposed side of the substrate, the pre-alignment device
requires a mark sensor configured to capture an image of the
alignment mark while the alignment mark is facing a pre-
alignment support. Further details of a pre-alignment device
are disclosed below.

FIGS. 3 and 4 illustrate a pre-alignment device 30 for
performing a pre-alignment procedure to be elucidated
below. The pre-alignment device 30 includes a pre-align-
ment support 32 for supporting a substrate 33 (1in FIG. 4 the
substrate 1s indicated with broken lines), the pre-alignment
support 32 being rotatable around an axis 34 such that an
angle of rotation of the pre-alignment support 32 may be
measured and controlled 1n a manner known per se, and not
shown or explained in more detail. The pre-alignment sup-
port 32 includes vacuum chambers 36 which are open at the
side facing the substrate 33. By lowering a gas pressure 1n
the vacuum chambers 36 relative to the ambient gas pres-
sure, the substrate 33 may be engaged fixedly on the
pre-alignment support 32. The pre-alignment device 30
turther includes an arm-shaped translation actuator 38 hav-
ing a vacuum chamber 40 which 1s open at a side facing the
substrate 33. The translation actuator 38 1s movable in the
directions of double arrow 42 by drive devices known per se,
and not shown or explained 1n more detail. The movement
of the translation actuator 38 may be measured and con-
trolled mm a manner known per se, and not shown or
explained 1 more detail. By lowering a gas pressure 1n the
vacuum chamber 40 relative to the ambient gas pressure, the
substrate 33 may be engaged fixedly on the translation
actuator 38 (while at the same time disengaging the substrate
33 from the pre-alignment support 32) and translated as
required. On the other hand, the substrate 33 will be disen-
gaged from the translation actuator while being engaged on
the pre-alignment support.

The pre-alignment device 30 further includes an edge
sensor 44, ¢.g., embodied as a linear CCD (Charge Coupled
Device) sensor, mounted on a structure not shown on which
also the pre-alignment support 32 1s mounted. The edge
sensor 44 may optically measure part of the edge of the
substrate 33 located in a recess of the edge sensor 44. By
rotating the substrate 33 fixedly engaged on the pre-align-
ment support 32, a predetermined part of the edge of the
substrate 33 may be measured, and from the data produced
by the edge sensor, a geometrical center of the substrate 33
may be determined, as well as the location of a specific edge
part such as a notch or a flat edge part (in practice also
referred to as ‘flat’).

The pre-alignment device 30 further includes an optical
mark sensor 46 interacting with an optical device 48. The
optical device 48 basically corresponds to an optical arm
10A or 10B shown in FIG. 2, and has an alignment mark end
50 and a mark sensor end 52. The alignment mark end 50 1s
configured for taking an 1mage of the side of the substrate
tacing the pre-alignment support 32. The mark sensor end 52
1s configured to provide the image to the mark sensor 46.

In an embodiment, the alignment mark end 50 of the
optical device 48 may be moved relative to the pre-align-
ment support 32 in the directions of double arrow 42 to scan
a ring-shaped or ring-section shaped area of the backside of
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the substrate 33 (when rotating the substrate 33) 1n order to
locate an alignment mark provided on the backside of the
substrate 33. In a further embodiment, the optical device 48
may be moved as a whole relative to the pre-alignment
support 32 in the directions of double arrow 42 to scan a
ring-shaped or ring-section shaped area of the backside of
the substrate 33 (when rotating the substrate 33) in order to
locate an alignment mark provided on the backside of the
substrate 33. In a further embodiment, the mark sensor 46
may be moved relative to the optical device 48 in the
directions of double arrow 42 to scan a ring-shaped or
ring-section shaped area of the backside of the substrate 33
(when rotating the substrate 33) in order to locate an
alignment mark provided on the backside of the substrate 33.
In a further embodiment, a combination of two or three of
these movements may be established. In any of these move-
ments, the position of the moving part 1s measured and
controlled.

With the measurements made by the edge sensor 44, and
the combination of the mark sensor 46 and the optical device
48, a relationship between the position of at least one
alignment mark on (the backside of) the substrate 33, at least
part of an edge of the substrate 33, and a center of the
substrate 33 may be determined, and may be expressed 1n a
set of offset values X, Y, and ¢ for the particular substrate 33,
where the substrate extends 1n an X-Y plane, and axis 34 1s
an axis of rotation.

In a formula, a substrate center oflset Ax, Ay of a substrate
having a diameter D A may be expressed as

where D_ 1s a normalization constant, and a, b, ¢, and 1 are
process parameters being a function of the used lithographic
apparatus. In case a substrate 1s used with a substrate
reference side part (notch or tlat), the substrate center oflset
AX, Ay of a substrate having a distance d,, between the

reference side part and the waler center, may be expressed
as

where d 1s a normalization constant, and c, d, e, and 1 are
process parameters being a function of the used lithographic
apparatus. The normalization constants D, and d  are size
values of a calibration or normalization substrate.

Subsequently, a desired orientation of the substrate 33
may be established by the pre-alignment device 30 while the
substrate still 1s supported in the pre-alignment device 30,
before a transfer of the substrate from the pre-alignment
support 32 to the substrate support WT takes place, such that
the at least one alignment mark will be positioned 1n the at
least one optical view window of the substrate support. In
this process, a control device 1s used to control an angle of
rotation of the pre-alignment support 32, and a translation of
the translation device 38 on the basis of measurements from
the edge sensor 44 and the mark sensor 46. To reach a
desired orientation 1n the pre-alignment device 30, the
translation actuator 38 may be used to provide a required
translation, and the pre-alignment support 32 may be used to
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provide a required rotation. This procedure allows for a
transier using a simple transfer structure, such as a pick and
place robot (not shown 1n detail).

Further, the substrate 33 may be transierred by the transier
structure from the pre-alignment device 30 to the substrate
support WT without first establishing a desired orientation of
the substrate 33. In this situation, the desired orientation 1s
established by the transier structure after taking the substrate
33 from the pre-alignment device 30, and before bringing
the substrate 33 into contact with the substrate support WT
such that the at least one alignment mark 1s positioned 1n the
at least one optical view window of the substrate support.
This procedure requires a transier structure configured to set
a desired orientation during the transfer of the substrate 33
from the pre-alignment device 30 to the substrate support
WT.

Substrates produced on an apparatus of one supplier may
be processed on an apparatus of a different supplier using the
pre-alignment method and device according to embodiments
of the present invention.

Although specific reference may be made in this text to
the use of lithographic apparatus in the manufacture of ICs,
it should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, flat-panel
displays, liquid-crystal displays (LCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“water” or “die” herein may be considered as synonymous
with the more general terms “substrate’” or “target portion,”
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, i for example a track (a
tool that typically applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an
inspection tool. Where applicable, the disclosure herein may
be applied to such and other substrate processing tools.
Further, the substrate may be processed more than once, for
example 1n order to create a multi-layer 1C, so that the term
substrate used herein may also refer to a substrate that
already contains multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the mvention in the context of
optical lithography, 1t will be appreciated that the invention
may be used in other applications, for example i1mprint
lithography, and where the context allows, 1s not limited to
optical lithography. In imprint lithography a topography 1n
a patterning device defines the pattern created on a substrate.
The topography of the patterning device may be pressed into
a layer of resist supplied to the substrate whereupon the
resist 1s cured by applying electromagnetic radiation, heat,
pressure or a combination thereof. The patterning device 1s
moved out of the resist leaving a pattern 1n 1t after the resist
1s cured.

The terms “radiation” and “beam™ used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g., having a wavelength of or about 363,
248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)
radiation (e.g., having a wavelength in the range of 5-20
nm), as well as particle beams, such as 10n beams or electron
beams.

The term “lens,” where the context allows, may refer to
any one or combination of various types of optical compo-
nents, including refractive, reflective, magnetic, electromag-
netic and electrostatic optical components.

While specific embodiments of the mvention have been
described above, 1t will be appreciated that the immvention
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may be practiced otherwise than as described. For example,
the invention may take the form of a computer program
containing one or more sequences of machine-readable
instructions describing a method as disclosed above, or a
data storage medium (e.g., semiconductor memory, mag-
netic or optical disk) having such a computer program stored
therein.

The descriptions above are itended to be 1llustrative, not
limiting. Thus, 1t will be apparent to one skilled in the art that
modifications may be made to the mvention as described
without departing from the scope of the claims set out below.

What 1s claimed 1s:

1. A method of pre-aligning a substrate 1n a lithographic
apparatus, the substrate having an alignment mark provided
on a backside of the substrate, the method comprising;:

determiming a relationship between a position of the
alignment mark, at least part of an edge of the substrate,
and a center of the substrate; and

placing the backside of the substrate on a substrate
support on the basis of said relationship to position the
alignment mark 1 an optical view window of the
substrate support, the optical view window arranged 1n
the substrate support at a predetermined location to
view a part of the backside of the substrate.

2. The method of claim 1, wherein following said deter-
mining, and prior to said placing, the substrate 1s reposi-
tioned on the basis of said relationship.

3. The method of claim 2, wherein said determining 1s
performed 1n a pre-alignment device, and the pre-alignment
device 1s configured to reposition the substrate on the basis
of said relationship.

4. The method of claim 1, wherein in said determining, the
edge of the substrate and at least part of said backside of the
substrate containing the alignment mark 1s scanned.

5. The method of claim 4, whereimn the determining
includes rotating the substrate.

6. The method of claim 1, wherein said relationship
includes a translation and a rotation value.

7. The method of claim 1, wherein said relationship 1s
determined as an average for a plurality of substrates.

8. The method of claam 1, wherein the determining
includes measuring an edge of the substrate to determine a
geometrical center of the substrate.

9. The method of claim 1, wherein the determining
includes rotating the substrate and scanming the backside of
the substrate along a radial direction of the substrate to
locate a position of the alignment mark.

10. The method of claim 9, wherein the scanning includes
imaging the backside of the substrate.

11. A lithographic apparatus comprising:

a radiation system to condition a beam of radiation;

a patterning support to support a patterning structure to
pattern the beam of radiation according to a desired
pattern;

a substrate support to support a substrate, the substrate
support having an optical view window at a predeter-
mined location to view a part of a backside of the
substrate;

a projection system to project the patterned beam of
radiation onto a target portion of the substrate;

an alignment system to align a pattern of the patterning
structure with an alignment mark provided on the
backside of the substrate, using alignment radiation, the
alignment system comprising a pre-alignment device
including,

(a) a computer program stored 1n a storage medium and
including instructions configured to determine a rela-
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tionship between a position of the alignment mark, at
least part of the edge, and a center of the substrate;
and

(b) a transfer unit configured to place the substrate on
the substrate support on the basis of said relationship
to position the alignment mark in the optical view
window.

12. The apparatus of claim 11, further comprising an
optical system to transmit an 1mage of the alignment mark
from the backside of the substrate opposite the target portion
for use by the alignment system.

13. A device manufacturing method comprising:

(a) determining a relationship between a position of an
alignment mark provided on a backside of a substrate,
at least part of an edge of the substrate, and a center of
the substrate;

(b) placing the backside of the substrate on a substrate
support on the basis of said relationship to position the
alignment mark in an optical view window of the
substrate support, the optical view window arranged 1n
the substrate support at a predetermined location to
view a part of the backside of the substrate;

(c) transmitting an 1mage of the alignment mark from the
backside side of the substrate for use 1n an aligning; and

(d) aligning the image of the alignment mark with a
pattern ol a patterning structure used in projecting a
patterned beam of radiation onto a target area of a layer
of radiation-sensitive material on a front side of the
substrate opposite the backside.

14. A pre-alignment device configured to pre-align a
substrate 1 a lithographic apparatus prior to placing the
substrate on a substrate support of the lithographic appara-
tus, the substrate having an alignment mark provided on a
backside of the substrate, the pre-alignment device compris-
ng:

a rotatable pre-alignment support to support the substrate;

an edge sensor to measure at least part of an edge of the
substrate;

a mark sensor and an optical device to measure a position
of the alignment mark located on the backside of the
substrate that faces the pre-alignment support;

a control device to control an angle of rotation of the
pre-alignment support and a translation of the substrate
on the basis of measurements from the edge sensor and
the mark sensor.
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15. The pre-aligument device of claim 14, further com-
prising a translation device to translate the substrate.

16. The pre-alignment device of claim 15, wherein the
pre-alignment support has an axis of rotation, and wherein
at least one of the mark sensor and the optical device or a
part thereol 1s movable radially relative to the axis of
rotation.

17. A lIithographic apparatus comprising:

a radiation system to condition a beam of radiation;

a patterning support to support a patterning structure to
pattern the beam of radiation according to a desired
pattern;

a substrate support to support a substrate, the substrate
support having an optical view window at a predeter-
mined location to view a part of a backside of the
substrate;

a projection system to project the patterned beam of
radiation onto a target portion of the substrate;

an alignment system to align a pattern of the patterning
structure with an alignment mark provided on the
backside of the substrate, using alignment radiation, the
alignment system comprising a pre-alignment device
configured to pre-alian the substrate prior to placing the
substrate on the substrate support, the pre-alignment
device including:

a rotatable pre-alignment support to support the sub-
strate;

an edge sensor to measure at least part of an edge of the
substrate;

a mark sensor and an optical device to measure a
position of the alignment mark located on the back-
side of the substrate that faces the pre-alignment
support;

a control device to control an angle of rotation of the
pre-alignment support and a translation of the sub-
strate on the basis of measurements from the edge
sensor and the mark sensor.

18. The apparatus of claam 17, further comprising a
translation device to translate the substrate.

19. The apparatus of claim 17, wherein the pre-alignment
support has an axis of rotation, and wherein at least one of
the mark sensor and the optical device or a part thereof 1s
movable radially relative to the axis of rotation.
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